Abstract: Expressed sequence tags (ESTs) exhibiting homology to a BURP domain containing gene family were identified from the Glycine max (L.) Merr. EST database. These ESTs were assembled into 16 contigs of variable sizes and lengths. Consistent with the structure of known BURP domain containing proteins, the translation products exhibit a modular structure consisting of a C-terminal BURP domain, an N-terminal signal sequence, and a variable internal region. The soybean family members exhibit 35-98% similarity in a~100-amino-acid C-terminal region, and a phylogenetic tree constructed using this region shows that some soybean family members group together in closely related pairs, triplets, and quartets, whereas others remain as singletons. The structure of these groups suggests that multiple gene duplication events occurred during the evolutionary history of this family. The depth and diversity of G. max EST libraries allowed tissuespecific expression patterns of the putative soybean BURPs to be examined. Consistent with known BURP proteins, the newly identified soybean BURPs have diverse expression patterns. Furthermore, putative paralogs can have both spatially and quantitatively distinct expression patterns. We discuss the functional and evolutionary implications of these findings, as well as the utility of EST-based analyses for identifying and characterizing gene families.
Introduction
Duplicated genes are present in many organisms and are especially prevalent in plants. Indeed, whole-genome sequencing indicates that~65% of Arabidopsis genes appear to be duplicated (The Arabidopsis Genome Initiative 2000), and hybridizations using RFLP probes suggest that at least 90% of soybean sequences are present in multiple copies (Shoemaker et al. 1996) . Analyses of genome organization and phylogeny suggest that duplications can arise from genome-wide polyploidization, as well as internal duplications and rearrangements. For example, many soybean gene families can be structured into homoeologous groups, suggesting that soybean is an ancient tetraploid or hexaploid (Lee and Verma 1984; Grandbastien et al. 1986; Nielson et al. 1989; Calvo et al. 1997; Shoemaker et al. 1996) . Furthermore, the presence of multiple members within these groups, as well as the genomic organization of homoeologous groups, suggests that additional rounds of gene or genome duplication have also occurred (Richter et al. 1991; Harada et al. 1989; Yamamoto and Knap 2001; Grant et al. 2000; Lee et al. 1999) .
Duplication increases the amount of genetic material available for evolution and selection. In some cases, one member of a duplicated pair is sufficient to retain physiological function leaving the other member free to evolve independent function. In extreme cases, this gene may accumulate so many deleterious mutations that it becomes non-functional. In other cases, both paralogs remain active and subject to selection pressure. Under both positive and negative selection pressures, some duplicated pairs may retain similar functions, whereas other pairs may exhibit partial or complete divergence with one another (Pickett and Meeks-Wagner 1995) . Pickett and Meeks-Wagner (1995) suggest that the initial stages of divergence may involve changes in cis-acting elements that alter the timing and (or) pattern of gene expression, whereas later stages might involve changes in protein structure and function. Indeed, a comparison of amino acid sequences, regulatory characteristics, and functions of several gene pairs suggest that divergence in regulation appears to evolve more quickly than functional divergence (Li 1983) .
We sought to further examine gene-family structure and functional divergence in Glycine max using an expressed sequence tag (EST)-based approach. To date, more than 1.2 million ESTs from a variety of plants have been deposited in GenBank (November 2001) . In some species, ESTs have been obtained from a wide variety of genotypes, organs, developmental stages, and treatments. For example, more than 200 000 ESTs have been generated from at least 80 libraries and 13 genotypes of soybean. The depth of the soybean EST database suggested that an EST-based approach might facilitate the rapid identification of multiple members of a soybean gene family and provide information about their tissuespecific expression patterns.
We chose to work with a family of BURP domaincontaining genes (Hattori et al. 1998 ) that is apparently unique to plants. BURP proteins have an overall modular structure consisting of a C-terminal BURP domain containing several conserved amino acid residues, a hydrophobic transit peptide, and a variable internal region that can be repetitive in nature. Despite a general conservation of structure, BURP genes have diverse expression patterns and could play diverse roles in the cell. Members of the BURP family include the five following proteins. First, the β-subunit of polygalacturonase 1 (PGβ1) found in Lycopersicon esculentum and involved in pectin depolymerization and cell-wall softening during fruit ripening (Zheng et al. 1992) . Second, embryo-abundant and nonspecific seed proteins (USPs) that have been identified in Vicia faba, and that exhibit some similarity to hydrolases and may be secreted (Bassuner et al. 1988 ). In addition, promoter elements responsible for the seed-specific expression patterns have been examined (Baumlein et al. 1991; Fiedler et al. 1993) . Third, two aluminum-inducible proteins (SALI3-2 and SALI5-4a) from Glycine max that are highly homologous to an auxin down-regulated protein (ADR6) and are upregulated in plants exposed to aluminum (Ragland and Soliman 1997) . Fourth, a desiccation-responsive protein (RD22) that was identified from a differential screen of a cDNA library made from drought stressed leaves of Arabidopsis thaliana (Yamaguchi-Shinozaki et al. 1992) . Expression of RD22 can be induced by desiccation, abscisic acid (ABA), and salt stress, and mechanisms involved in this regulation have been well studied Iwasaki et al. 1995; Urao et al. 1993; Abe et al. 1997) . And finally, a protein from Brassica napus (BNM2) identified during a screen for genes expressed during microspore embryogenesis (Boutilier et al. 1994) .
We chose to work with the BURP family for a variety of reasons. First, identification and characterization of additional members of the BURP gene family in soybean could be of practical importance. For example, orthologues of the desiccation-responsive protein RD22 could be agronomically important in terms of understanding and reducing water stress and increasing crop productivity. Second, the BURP family members possess characteristics that are ideal for an EST-based study. For example, preliminary evidence suggested that some BURP family members have a moderate to high range of expression, thereby increasing the chance of identifying family members, as well as the accuracy of expression-pattern studies. Third, known BURP family members appear to have diverse protein structures and gene expression patterns that could facilitate the examination of regulatory and functional evolution.
Here, we use an EST-based approach to identify and characterize 16 members of the BURP gene family including two previously described members, SALI3-2 and SALI5-4a. We suggest that these 16 genes form several distinct paralogous groups and that they exhibit various degrees of regulatory and functional divergence.
Materials and methods

Identification of soybean BURPs
ESTs exhibiting similarity to RD22 (E < 0.001) were obtained from the Glycine max (L.) Merr (~191 000 ESTs) database (tBLASTn; Altschul et al. 1990; GenBank, accessed September 2001) . ESTs were aligned into preliminary contigs using Sequencher 4.1.2 (Gene Codes Corporation, Ann Arbor, Mich.). Nucleotide consensus sequences of these contigs were used to rescreen the Glycine EST database (BLASTn). A final set of ESTs with E values less than 0.01 were obtained, aligned using Sequencher 4.1.2, and adjusted so distinct contigs were produced. Singletons and contigs not containing a BURP region were not analyzed further. Sequence comparisons between the putative soybean BURP family members were done using Clustal 1.81 (Thompson et al. 1997) .
To estimate the likelihood of obtaining BURP family members, sampling depth (D) was calculated using the following equation (Sambrook et al. 1989) :
where p is the probability of obtaining an EST and n is the proportion of the EST pool represented by a given type of EST. The value of n was estimated by determining the average frequency of expression of identified family members (excluding SALI3-2 and SALI5-4a, which are highly expressed) in represented libraries (i.e., libraries with more than zero hits).
Multiple alignments and phylogeny
The putative soybean BURP family members and a nonredundant (nr) set of full-length proteins exhibiting homology to the BURP family were aligned using ClustalX 1.81. The latter set of proteins were obtained from reiterative BLASTp searches of the translated nr database (E < 1 × 10 -4 ) using RD22 as the initial seed. A~100-amino-acid region shared by all of the aligned proteins (except Gm14) was used for phylogenetic analysis. The phylogenetic tree was generated using the neighbor-joining algorithm of Phylip3.57c (Felsenstein 1989 ) with 1000 bootstrapped sets.
Expression pattern analyses and statistics
For each putative soybean BURP family member, the likelihood of differential expression was calculated using methods described in Stekel et al. (2000) . Briefly, an equation was used to compare the observed expression pattern with a distribution that would be expected to occur randomly based on library size and gene frequencies (i.e., f j N i ) as follows:
where m is the number of libraries, x i,j is the number of ESTs of gene j in library i, f j is the frequency of gene j in all libraries, and N i is the total number of ESTs in library i. One thousand random data sets were generated for each gene using a Poisson distribution with f j N i as the parameter (λ). R values were calculated for each random data set, and the frequency of R values above the empirical R value was determined for each gene. Within a given library, significantly different expression (P > 0.9) was determined using methods described in Audic and Claverie (1997) for same-size libraries (web interface available at http://igs-server.cnrs-mrs.fr/~audic/cgi-bin/ winflat.pl). Briefly, the probability of observing x and y numbers of ESTs in a library was calculated using a cumulative version of the following equation:
Using this equation, differential expression was examined in two ways. First, the number of ESTs representing a gene in a particular library was compared with the number expected based on gene frequency and library size (i.e., f j N i ). Second, the number of ESTs representing a gene was compared with the number of ESTs representing the gene with the next highest level of expression. Confidence intervals for the EST counts were calculated based on means of a Poissondistributed variable (Johnson and Kotz 1969) .
Results and discussion
Identification of soybean BURP family members
Through iterative searches of the soybean EST database, a set of ESTs exhibiting similarity to BURP proteins was obtained and aligned into 16 contigs of variable size and length. These included contigs representing SALI3-2 and SALI5-4a, as well as 14 apparently novel sequences (Gm1-14; Table 1 ). ESTs within individual contigs comprised up to 1.47% of a given EST library. Excluding SALI3-2 and SALI5-4a, which are highly expressed, the average frequency of Glycine max genes in represented libraries (0.097%) suggests that there was a 73% probability of retrieving a BURP-related EST from libraries containing greater than 1340 ESTs (see Materials and methods). More than 72% (55/76) of the Glycine max libraries screened in this study met this criteria. However, given the tissue-specific nature of known BURP genes and the low levels of expression of some family members, it is possible that not all soybean BURPs were identified. Furthermore, pseudogenes would not have been identified using an EST-based approach.
Polypeptide sequences were generated from the longest open reading frames of each contig and were aligned with known BURP proteins. Examination of the alignment allowed putative start codons, stop codons, and full-length protein sequences to be designated for Gm2, Gm3, Gm4, Gm5, Gm7, and Gm10 (not shown). The presence of hydrophobic N termini, similar to the signal peptide sequences found in members of the BURP family (see below) further support these designations. Predicted molecular weights of these full-length proteins are indicated in BURPs were found to be between 35 and 98% similar to one another (not shown).
Characteristics of BURP proteins
A schematic diagram shows that the BURP family can be divided into structurally distinct subgroups (Fig. 1A) and that the soybean BURPs resemble either the BNM2-like subgroup (Gm1, Gm2, Gm7, Gm8, Gm9), RD22 (Gm3, Gm4, Gm5, Gm6), the USPs (Gm10, SALI3-2, SALI5-4a), or the polygalacturonases (Gm11, Gm12, Gm13, Gm14). Most BURP family members are hydrophilic with the exception of a~20-amino-acid hydrophobic N-terminal region ( Fig. 1A ; lined boxes) that may act as a signal sequence for transport into the endoplasmic reticulum (Bassuner et al. 1988) . Members of the superfamily are also strikingly similar in a~230-amino-acid C-terminal region, termed the BURP domain (Fig. 1A, black boxes) . Within this domain are several conserved amino acid residues including four cysteine-histidine repeats and a threonine residue ( Fig. 1B ; asterisks) that are shared by the newly identified soybean BURPs.
Most variability between BURP family members occurs in the region following the hydrophobic signal sequence. Here, the polygalacturonases can be distinguished from the other family members by the presence of multiple copies of a 14-amino-acid repeat sequence (Fig. 1A, white box) . The USP and RD22-like proteins can be distinguished by the presence of a~30-amino-acid region (Fig. 1A, grey boxes) , followed by a variable region. The variable region of Gm10 resembles that of the USPs from V. faba, whereas the variable region of both SALI3-2 and SALI5-4a is distinct. The RD22-like proteins have a variable region consisting of repeat sequences: RD22 has five repeats of approximately 20 amino acids (Yamaguchi-Shinozaki and Shinozaki 1993), both Gm3 and Gm4 have three repeat sequences, and Gm5 has four. The evolutionary relationships between individual repeats are unclear; however, the repeat sequences of Gm3 and Gm4 are very similar. With the exception of Gm2, which follows the hydrophobic signal sequence, the BNM2-like proteins have variable regions unlike other BURPs.
BURP-family evolution
A phylogenetic tree was generated using a~100-aminoacid region in the C terminus common to all members of the family (see Fig. 1B ). The BNM2-like, RD22-like, USP-like, and polygalacturonase-like subgroups can be easily distinguished as four distinct branches with the RD22-like and USP-like subgroups being most related (Fig. 2) . How these four groups evolved is unknown. However, based on comparisons with genomic sequences, Hattori et al. (1998) suggest that exons containing the signal peptide, a~30-aminoacid N-terminal region, and C-terminal BURP domain could have been "shuffled" into the various modular protein structures seen in this family (see Fig. 1A, arrows) . In addition, given the highly repetitive nature of BURP proteins, Hattori et al. (1998) suggest that amplification of short sequences has also been important during the evolution of this family.
Each of the four subgroups is populated by small groups of soybean BURPs that generally exhibit more similarity to one another than to related members in other species. For example, within the BNM2-like subgroup, three soybean proteins cluster into a triplet consisting of two closely related proteins (Gm8 and Gm9) and a less-related protein (Gm7). This topology is consistent with two gene or genome duplications, one producing Gm7 and one giving rise to Gm8 and Gm9. No proteins closely related to a BNM2-like protein from Arabidopsis thaliana (5430766) were obtained from a BLASTp search of the Arabidopsis proteome (http://www.mips.biochem.mpg.de), suggesting that duplications in Glycine max followed the divergence of these two species. Another pair of related proteins, Gm1 and Gm2, may be part of the BNM2-like subgroup; however, the presence of an N-terminal region similar to that found in the RD22 and USP-like subgroups (see Fig. 1A , grey boxes) makes its placement less certain.
Three soybean proteins are found in the USP-like subgroup. Two are highly similar (SALI3-2 and SALI5-4a), suggesting that they stem from a recent gene duplication. The third (Gm10) is more distantly related, groups with the USPs from V. faba, and may have resulted from an earlier duplication event. Only the legumes V. faba and Glycine max contain representatives of USP and aluminum-inducible proteins, and both contain multiple representatives showing intraspecific similarity. No USP-like proteins were identified in the Arabidopsis proteome, placing the origin of this subgroup after the divergence of Arabidopsis and soybean. Alternatively, Arabidopsis homologs could have been lost during evolution.
Multiple members of the polygalacturonases are found in Arabidopsis, Lycopersicon esculentum, and Glycine max. Although Gm14 could not be placed in the phylogenetic tree, the remaining polygalacturonases exhibit distinct intraspecies similarity suggestive of more recent duplications in all three dicots following their divergence.
A quartet of soybean proteins is found in the RD22-like subgroup. Southern analysis (Yamaguchi-Shinozaki and Shinozaki 1993) and a search of the Arabidopsis genome confirm that only one copy of RD22 is present on chromosome V. This is consistent with gene duplication events oc- Fig. 2 . Phylogenetic tree of the putative soybean BURPs, as well as known BURP proteins. An alignment of a~100-amino-acid region shared by all proteins except Gm14 was used to generate a phylogenetic tree (Phylip 3.57c, neighbor-joining). Numbers at the nodes indicate bootstrap values out of 1000. Sequences are annotated with NCBI GI numbers.
curring in Glycine max after the divergence of these species or gene loss in Arabidopsis. The presence of two distinct sets of genes in soybean (Gm3/4 and Gm5/6) is consistent with homeologous gene-family structure in other multigene families (Lee and Verma 1984; Grandbastien et al. 1986; Nielsen et al. 1989 ) and supports the hypothesis that soybean is an ancient polyploid. A nucleotide alignment of Gm3 and Gm4 shows that these two genes are very similar (92% identical) and supports a more recent gene duplication event (not shown). Most differences between these paralogs are in the form of single-nucleotide changes or small gaps with lengths in multiples of three.
Expression patterns of soybean proteins
Given the depth and coverage of the Glycine max EST libraries, we were able to perform "digital Northerns" to analyze tissue-specific expression patterns of the soybean BURPs. Although we obtained ESTs from a variety of genotypes (for example, 'Williams', 'Williams82', 'T157', 'Delsoy', 'Supernod', 'Ogden', 'Raiden', 'Clark', 'Harosoy', and Glycine soja), we confined our expression analyses to libraries made from 'Williams' or 'Williams82' tissue for the sake of consistency. We also excluded three non-randomly sampled libraries and limited our analyses to contigs that were represented by more than five ESTs.
To determine whether the soybean BURPs exhibited differential or uniform expression, an R value reflecting interlibrary variation was generated for each gene (Table 2 ; see Materials and methods). For comparison, one thousand data sets were randomly generated and corresponding R values were calculated. For Gm1, Gm2, Gm3, Gm4, Gm7, Gm10, , the frequency of random R values greater than the actual value was zero (or close to zero), indicating a high level of confidence that the expression patterns of these genes are non-uniform. For Gm5, the frequency was slightly higher, indicating a more global, uniform pattern of expression. For both Gm11 and Gm13, the frequency was very high, indicating that expression profiles resembled random distributions.
Upon establishing that several soybean BURPs were likely to be differentially expressed, we analyzed expression patterns in individual libraries to determine the tissues in which differential expression occurred. Figure 3 displays the EST composition of the BURP genes across the 'Williams' and 'Williams82' libraries. Gene expression in individual libraries was evaluated using methods described in Audic and Claverie (1997) . Two types of analyses were done to determine if the numbers of ESTs obtained from a particular library were either significantly greater or less than expected based on a uniform distribution or significantly greater than the next highest member of the subgroup.
Several observations could be made following these analyses. First, the EST composition in each soybean library indicates that subgroups within the soybean BURP family may have unique spatial patterns of expression. For example, the BNM2-like genes (Gm1 and Gm2) are expressed mainly in roots and seed coats, whereas the RD22-like genes (Gm3 and Gm4) are expressed mainly in senescing leaves (compare Fig. 3A and 3B) .
Subgroups also exhibit overall quantitative differences in gene expression. For example, SALI3-2 and SALI5-4a are highly expressed (Fig. 3C) . As a result, expression that is greater or less than expected can be easily detected. In particular, fewer ESTs than expected were obtained for both genes in some germinating tissues, whereas more ESTs than expected were obtained in elongating tissues, roots, and hypocotyl. Because SALI3-2 and SALI5-4a transcripts are relatively abundant, the expression patterns of these two genes are likely to be more accurate. On the other hand, the polygalacturonases appear to have a relatively diffuse and low level of expression (Fig. 3D ). Gm12 and Gm14 were too small to be examined although the libraries from which Gm12 and Gm14 ESTs were obtained are indicated with arrows.
Within subgroups, closely related genes vary in the degree to which their expression profiles overlap. For example, within the BNM2-like subgroup, two paralogs exhibit distinct patterns of expression: Gm1 is specific to roots, whereas Gm2 is only found in the seed coat (Fig. 3A) . Gm1 was also found in roots of 'Supernod' and 'Delsoy', and Gm2 was found in the seed coats of 'T157' and 'Harosoy' (not shown). In contrast, within the RD22-like quartet, paralogs exhibit similar expression patterns; i.e., Gm3 and Gm4 are both specific to senescing leaves, although expression of Gm4 is not significant. The expression of Gm3 and (or) Gm4 is distinct from another quartet member, Gm5, which is more widely distributed in the flowers, germinating tissues, apical shoot, and vegetative buds (Fig. 3B) . Because Gm6 is represented by only three ESTs, it was excluded from statistical analysis. However, these ESTs came from libraries shared with Gm5 ( Fig. 3B; arrows) . Within the USPlike subgroup, the spatial distributions of SALI3-2 and SALI5-4a partially overlap. Both genes are expressed in flowers, roots, and hypocotyls, but only SALI3-2 is found at significant levels in leaves and only SALI5-4a is found in pods (Fig. 3C) .
Expression patterns between paralogs may be spatially similar, but vary quantitatively. For example, although both SALI3-2 and SALI5-4a are found in the hypocotyl and root, Random R values were calculated from distributions of 1000 randomly generated data sets (see Materials and methods). The frequency of random R values that were greater than the empirical R value were taken as a measure of the tissue-specific expression of the gene, i.e., low frequencies indicate a differential expression pattern that is unlikely to occur by chance. Table 2 . Empirically and randomly generated R values. Fig. 3 . Library distribution of soybean BURP family members. Library name, size, tissue, and corresponding EST composition are indicated for each family member in (A) the BNM2 subgroup, (B) the RD22-like subgroup, (C) the USP-like subgroup, and (D) the polygalacturonase subgroup. The cDNA libraries represent a variety of above-and below-ground tissues, developmental stages (i.e., immature, mature, senescing, 3 days old, 18 days old), and treatments (i.e., drought stress, salt stress, cold stress, auxin application). (+) or (-) indicate that the number of ESTs is significantly greater or less than expected based on uniform frequencies. (i) indicates that the number of ESTs representing the gene in the given library is significantly above that of the next highest family member. Arrows indicate libraries from which Gm6, Gm12, or Gm14 ESTs were obtained. Rounded 95% confidence intervals (lower limit, upper limit) for the EST counts are as follows: 1 (0, 6); 2 (0, 7); 3 (1, 9); 4 (1, 10); 5 (2, 12); 6 (2, 13); 7 (3, 14); 8 (3, 16); 9 (4, 17); 10 (5, 18); 11 (5, 20); 12 (6, 21); 13 (7, 22); 16 (9, 26); 17 (10, 27); 19 (11, 30); 24 (15, 36); and 31 (21, 44) .
SALI3-2 is significantly more abundant in the root and SALI5-4a is significantly more abundant in the hypocotyl (Fig. 3C ). SALI3-2 was also significantly more abundant in the roots of 'Supernod', 'Delsoy', and Glycine soja. Expression may also vary quantitatively between different developmental stages in the same tissue. For example, SALI3-2 has significant expression in immature cotyledons, but is absent in older cotyledons, and both SALI3-2 and SALI5-4a are expressed in 9-to 10-day-old hypocotyls, but are absent from 3-day-old hypocotyls.
Expression patterns and functional divergence
With the exception of polygalacturonase PGβ1, which is a member of a protein complex involved in cell-wall softening (Zheng et al. 1992) , the functions of most of the BURP family members have not been determined. However, differences in amino acid sequence and expression patterns can provide evidence for regulatory and (or) functional divergence of some paralogs. Differences in expression patterns have been found for a number of genes that are closely related in sequence (Yamamoto and Knap 2001; Takane et al. 1997) . This supports the proposal that development of tissue specificity may be an early step in functional divergence of a gene family with divergence at the protein level occurring later (Pickett and Meeks-Wagner 1995) .
In the present study, pairs of closely related BURP paralogs exhibit sequence similarities and expression patterns that are consistent with this hypothesis. For example, Gm3 and Gm4 are 97% similar and are expressed in similar tissues, suggesting that they arose from a recent duplication event and have not had enough time to diverge. Alternatively, negative selection could have acted to maintain functional redundancy. SALI3-2 and SALI5-4a also exhibit high sequence similarity (90%), but they have developed a degree of tissue specificity; i.e., one is more abundant in roots and the other is more abundant in the hypocotyl. They could represent an intermediate stage in regulatory and functional evolution. At the other end of the spectrum, Gm1 and Gm2 appear to have completely divergent expression: one is only found in the root and the other is only found in the seed coat. This pair exhibits lower sequence similarity (67%), perhaps indicating that their biochemical functions have begun to diverge as well.
The development of tissue specificity could result from small changes in cis-acting promoter elements. The mechanisms of regulation of two BURP genes, USP λ30.1 and RD22, have been examined. Fiedler et al. (1993) have located several positive and negative promoter elements that act in a combinatorial manner to affect expression of USP λ30.1. One element, CATGCATG (RY motif), has been shown to be essential for the seed-specific expression of legumins and other seed proteins (Baumlein et al. 1992 ). In the case of RD22, a 67-bp region of the promoter has been shown to be responsible for desiccation-induced transcription (Iwasaki et al. 1995) . Within this region are recognition sites for GT-1, MYB, and MYC transcription factors. Two proteins, rd22BP1 and Atmyb2, have been shown to bind some of these sites and to activate transcription (Abe et al. 1997) . Both rd22BP1 and Atmyb2 are activated by drought; thus, it seems likely that small changes in their interaction with the promoter sequence could have marked effects on the desiccation response. Although the promoter sequences of the soybean BURPs remain to be characterized, it is likely that combinations of positive and negative regulatory elements exist and that small changes in these elements could produce distinct patterns of transcription. Pickett and Meeks-Wagner (1995) suggest that functional divergence of duplicated genes could also stem from the selective retention of specific functions from an ancestral gene with pleiotropic functions. Expression patterns of the RD22-like family members support this hypothesis. Northern analysis indicated that RD22 is strongly expressed in flowers and during the early and middle stages of seed development in Arabidopsis . In addition, promoter-β-glucuronidase (gus) fusions indicated that expression of RD22 is induced in aerial portions and side roots of A. thaliana by drought and salt stress and abscisic acid (ABA), but not by cold or heat stress. In nonstressed plants, promoter-gus fusions showed strong expression in the stem, confirmed expression in the flower, and showed that expression is associated with carpels rather than with the embryo (Iwasaki et al. 1995) . Yamaguchi-Shinozaki and Shinozaki (1993) noted that expression of RD22 was ABA inducible in whole plants but independent of ABA in seeds. Together, these observations indicate that this single gene could have multiple tissue-specific functions.
Expression patterns and pleiotropy
In Glycine max, multiple RD22-like genes exist whose individual patterns of expression resemble portions of RD22. For example, consistent with the stress responses of RD22, two RD22-like genes (Gm3 and Gm4) are expressed in both senescing and drought-stressed leaves, but absent in cold-(library c1065) or heat-stressed (library c1031) tissues (Fig. 3B) . By contrast, low expression of two other RD22-like genes (Gm5 and Gm6) in flowers, seedlings, and germinating tissues resembles the expression of RD22 in nonstressed plants. The tissue-specific expression of the Glycine max genes could indicate that pleiotropic functions of an RD22-like ancestor are being assumed by multiple, functionally distinct genes in soybean.
Although future work is necessary to map the soybean BURPs, characterize their biochemical functions, and confirm their patterns of expression, an EST-based approach has proven useful in the initial identification and characterization of a multigene family. An EST-based approach is facilitated by the moderate expression levels and distinctive expression profiles of members of the BURP family.
